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ABSTRACT: Mature anthers of Eupatorium serotinum Michx. (Compositae: Eupatorieae) have fully 
formed pollen grains along with microspores that apparently aborted during several stages in 
development. The latter are enclosed by acetolysis-resistant sacs. The least developed microspore 
exine (presumably the youngest stage) consisted of rods about 100 nm in diameter, without spines and 
mainly without a tectum. A more advanced stage had a discontinuous tectum with many unattached 
columellae and with cylindrical spines having a flat or slightly convex summit. In the most advanced 
aborted microspores the tectum was variable but mostly continuous and the spines were greatly 
increased in diameter and all had rounded distal ends. The special feature of these stages was the gaps 
in the basal portions of the forming spines. The gaps were open basally and filled with structure of the 
same appearance as columellae and tectum. These results contribute to direct evidence that microspore 
exines that had aborted early in their development retain the features in mature anthers of that stage(s) 
of exine development at the time of their abortion. Providing that the mature anthers also contain 
mature pollen with fully developed exines (typical of the taxon), then the underdeveloped exines 
within such anthers can provide information about early development. Underdeveloped exines such as 
those recovered in intact anthers in sedimentary rocks, may provide information about ontogeny that 
otherwise would be unobtainable. 
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INTRODUCTION 

Pollen morphology of the tribe Eupatorieae became well known through the classic light 
microscopy study of Erika Stix (1960) in the family Compositae. On the basis of pollen 
structure observed by ultraviolet microscopy, she was able to define a type, “Eupatorium 
-Typ”, which was distinctive in the Compositae. Using light microscopy, King and Robinson 
described remarkable multiple pollen grain forms in Stevia (1967; 1968), Oaxacania and 
Carterothamnus (King and Robinson, 1970). Sullivan (1975) discussed changes in spine size 
among the 18 species of Eupatorium she examined using SEM. Grashoff and Beaman (1970) 
also used the SEM to describe Eupatorium pollen as influenced by apomixis, autogamy, and 
anemophily. Finally, the SEM investigation by Mattozo dos Reis and Ferreira (1981) on 
fractured pollen of Adenostemma, Ageratum, Eupatorium, Gymnocoronis , Mikania, 
Radlkoferotoma, Stevia and Symphyopappus, extended the work of Stix (1960) by 
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recognizing additional structural patterns for the tribe. Pollen of Eupatorium serotinum 
attracted our interest from several viewpoints: (1) the blunt spines characterizing some of the 
pollen grains were at a variance with Eupatorieae pollen we have examined with both the 
SEM and TEM (Skvarla and Turner, 1966; Skvarla et al., 1978); (2) dispersed among typical 
Eupatorieae pollen grains were acetolysis-resistant sacs containing pollen grains with a 
sculpturing pattern atypical of the Compositae; and (3) our long standing interest in aborted 
pollen grains, particularly the early stages of exine development that are retained in aborted 
microspores (Rowley and Flynn, 1969; Kronestedt-Robards and Rowley, 1989; Rowley et al., 
1997). 


MATERIALS AND METHODS 

Pollen from mature anthers of two collections of Eupatorium serotinum Michx. (Benesh 
and Johnson LV 339, Love Co., OK; and Smith 860, Hughes Co., OK.) was removed from 
herbarium sheets in the Bebb Herbarium. Preparation consisted of acetolysis (Erdtman, 1960), 
cleaning of undigested plant debris (Chissoe and Skvarla, 1974) and dividing of samples for 
SEM and TEM preparation as outlined below. 

SEM preparation 

Whole pollen grains were stained and dried using the repeat method of osmium and 
thiocarbohydrazide (i.e., OTOTO) as described by Chissoe et al. (1995). Pollen was then 
mounted on double-stick tape and pulse sputtered coated for three minutes with a 
gold/palladium target in a Hummer VI Sputter Coating System (Chissoe and Skvarla, 1996). 
Secondary electron imaging and photography was done with a JEOL 880 scanning electron 
microscope equipped with a lanthanum hexaboride gun operating at 15 KeV accelerating 
voltage. 

TEM preparation 

Pollen was stained in cacodylate buffered 0.125% OsCL for two hours, concentrated in 
agar pellets (Skvarla, 1966), dehydrated through a graded ethyl alcohol series to absolute 
alcohol and embedded in Araldite-Epon resin (Mollenhauer, 1964). Ultrathin sectioning was 
done with diamond knives and section staining included exposure to a solution of 0.5% uranyl 
acetate for 5 minutes followed exposure to a solution of lead citrate for 3 minutes. 
Examination and photography was done with JEOL-2000 intermediate-voltage transmission 
electron microscope. 


RESULTS AND DISCUSSION 

Pollen grains with exines typical of mature flowers of E. serotinum are depicted in Figs. 1, 
2, 14. The mature pollen exine has sharply pointed spines and a continuous tectum with 
occasional puncta. Mixed with mature pollen were thin acetolysis resistant sacs containing 
aborted (immature) exines with truncated spines (Figs. 3 and 4). When the sac is tom the 
immature microspores were loosed (Fig. 2). Exines in the youngest (least developed) stage of 
the aborted microspores show an underdeveloped and discontinuous tectum. Such a 
microspore exine consisted of rods (Figs. 5 and 6), many with free distal ends; some were 
connected distally to a thin tectum (ca. 70 nm thick). Some spines at the early stage of 
development were straight-sided cylinders; others had gently sloping sides (Figs. 6-10). All of 
these developing spines had a nearly flat distal surface. 




Figs. 1-3. Typical mature pollen of Eupatorium serotinum with examples of incompletely developed pollen; all 
pollen from the same mature anther. Fig. 1. Mature exine with tall spines, a tectum and columellae with many 
holes, a continuous foot layer and often discontinuous endexine. The sharp tips of the spines are the result of 
oblique sectioning. The typical shape of spinules in this taxon is apparent in Fig. 2. Fig. 2. The lower exine has 
the typical form of mature pollen of the taxon with tall spines with a medial gap. The upper exine (right page 
margin) has the flat topped spine typical of the exines of immature grains such as seen in Fig. 3. These grains are 
considered to have aborted (died) early in microspore stage of development. Fig. 3. There is one pollen grain 
showing the typical form of the mature exine (arrow). The other exines in this figure have the immature spines of 
young microspores. Two stages of development are apparent: those at the left, generally enclosed by a sac, have 
short spines while those at the right, which have mostly spilled out from a sac, have larger spines. Bars = 1 pm 
(Figs. 1 and 2); Bar = 10 pm (Fig. 3). 





106 


TAIWANIA 


Vol. 46, No. 2 




- M 

p- ^ (if * * 



t a 


L'f 

1 


■yjjte 



in '■*** 



•Is f* 










i 


I i ’If 

r Jli 4 |! 




. v * i 




Figs. 4-8. Microspores within a sac in mature anthers. At the stages in these figures the exines have little or no 
tectum or a tectum that is interrupted with either no or very poorly formed spines. Fig. 4. A sac containing many 
microspores all appearing to be without spines. Fig. 5. Microspores from the sac in Fig. 4. The surface of the 
exine in this SEM consists of rods, many without any evidence of a tectal covering. Fig. 6. A low magnification 
TEM showing a section across seven microspores from a sac like the one in Fig. 4. The figures represent, 
however, a more advanced stage since there are some spines. Fig. 7. shows the lamellations of the sac (arrow) 
that are evident in Fig. 3. The sac lamellations are draped over spines that are similar in development to those in 
Figs. 13-17. Fig. 8. Enlargement of exines in Fig. 6 show that the exine components at this stage are complex 
and that the incipient tectum is discontinuous. Bar = 10 pm (Fig. 4); 1 pm (Figs. 5-8). 
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Figs. 9-12. Development of spinules, a continuous tectum and a complex apertural morphology. Fig. 9. 
Microspores at the early stage shown in Fig. 6 with early development of spines. The spines have a flat distal 
surface. Fig. 10. An enlargement of two spines in Fig. 9. There are three columellae (arrows) in this thin (ca. 50 
nm in thickness) section that underlie the spine at the left. The middle one of these extends up into the central 
portion of the developing spine. Fig. 11. The extension of columellar material (arrow) up into the gap of a 
forming spine is evident in this figure. The outer portion of the spine is continuous with the tectum. Fig. 12. 
There are sections through four apertures in this figure. They show a thickened and a relatively complex 
endexine but it is simple as compared with later aperture development, as is apparent in Fig. 14. The ektexine in 
the margin of these apertures has columellae tapering down in height toward the opening of the aperture, all 

without tectum. Bars = 1 pm. (Figs. 9-12) 
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In a stage having more advanced features than the above the developing spines were 
greatly enlarged becoming cylinders, many with rounded distal ends. Spines also had the 
central gap apparent in earlier stages (Fig. 11). The developmental observations of Homer and 
Pearson (1978: Fig. 18) on Helianthus annuus microspores suggest that the columellar/tectal 
components, that are initials for spines, surround a central gap that is open distally until later 
in spine development. 

Structures similar to columellae and tectal components extended into the center of the 
forming spines (Figs. 11, 13, 15, 16). This sort of early spine development is similar to the 
descriptions of spine initiation given by Dickinson and Potter (1976: Fig. 12) and Homer and 
Pearson (1978: Figs. 26, 27), for Cosmos and Helianthus , respectively. 

The major change in morphology of the aborted grains 
that indicates advancing stages in development were 
spine and aperture changes. In all of these stages the 
columellae became progressively shorter toward the 
aperture margin (Figs. 8, 12). It was the change in the 
aperture shape and deployment of endexine that gave 
special emphasis to changes in developmental stage. 
Compare these features in Figs. 8, 11, 12, 14-17. The 
apertures on these aborted microspores were similar in 
all respects to those described by Dickinson and Potter 
(1976: Fig. 18) in a young stage of Cosmos bipinnatus. 

Kronestedt-Robards and Rowley (1989) recovered 
stages of early exine formation in mature anthers of 
Strelitzia. Skvarla et al. (1997) and Rowley et al. (1997) 
have suggested, based upon work with Strelitzia, 



Ravenala 


and 


Phenakospermum, 


that 


aborted 


microspores may be used to aid in the interpretation of 
exine development. That conclusion is at odds with 
Tischler’s (1908) interpretation that once the exine was 
established development continued even without a living 
microspore cell. In a study of a taxon having a high rate 
of pollen sterility, Rowley and Flynn (1969) saw 
partially developed exines mixed with mature pollen 
grains in mature anthers. They concluded that the exines 
of microspores that abort early in development remain 
less developed than on mature pollen grains. Currently, 
we consider it to be most unlikely that changes in exine 
form continue following the death of microspores or 
young pollen grains. There are other examples of 
apparently young stages mixed with mature pollen in 
mature anthers. In the work of Rowley and Rowley 
(1996) there are examples of microspores of the monocot 
Anigozanthos viridis that, they note, “probably died early in microspore development”. These 
aborted microspores showed a monocot pollen feature referred to as “commissural line” by 
Simpson (1983). This feature is mostly lost by maturity as has been shown by Simpson 
(1983), Rowley and Dunbar (1996), Rowley and Rowley (1996), and El-Ghazaly and Rowley 
(1999). 


Fig. 13. Exine with a generally 
continuous tectum and spine development 
like that in Figs. 15-17. These spines have 
columellar material (arrows) entering 
spine bases as in the younger stages in 
Figs. 8 and 9. 
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Fig. 14. An aborted exine from a mature anther that can be compared in this micrograph with the typical exine of 
mature pollen (at the left). The aborted exine shows a distinctly different stage of development of spines, tectum, 
and columellae from the mature exine. The level of development of the aborted exine is presumed to be an early 
free microspore stage. The apertures apparently develop at an early stage. There are many endexine lamellations 
in this figure whereas in Figs. 8-12 there are only about three. There is still little or no tectum from the margin to 
the apertural opening. Bar = 1 pm. 

With consideration of the time and expense required for a study of microspore 
development it could be good to gain information about early pollen development by means 
of interpretation of aborted grains found in anthers in association with mature pollen. This is 
especially so for fossil material where developmental specimens are rare although 
more-or-less intact anthers are recovered with some frequency. 

The considerable agreement between our findings in aborted microspores of E. serotinum 
and the developmental study by Dickinson and Potter (1976) of Cosmos bipinnatus supports 
our contention with regard to the application of dead microspore stages recovered from 
normally formed anthers. Dickinson and Potter (1976) found that in the earliest stages in 
development of microspores of C. bipinnatus the exine consisted of tubules that were found to 
occupy the sites of the ektexine destined to form the alveoli of the tectum, columellae and 
foot layer. They illustrated a young spine having a central cavity with a membranous content 
underlain by the fibrillar product of the tubules (Dickinson and Potter 1976; Fig. 12). In their 
early development, spines were flatish to rounded distally and showed in their central gap a 
“...massive deposition of evenly stained material...” (Dickinson and Potter 1976: Fig. 18). 
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Figs. 15-17. Exines presumed to represent late microspore stages of development. Figs. 15-16. Development of 
spines and spine bases differs greatly from the earlier stage in Fig. 14. Spines are rounded distally but have none 
of the echinate appearance of mature spines of Eupatorium pollen. The apertures become massive. There is a 
tectum over columellae to the aperture opening. The foot layer and attached lamellate endexine become greatly 
thickened. Bars = 1 pm. Fig. 17. An exine from the most advanced stage of microspore development in the 
aborted grains in the anthers examined. The exine shows a broad spine with a rounded top. The spine at the right 
appears somewhat echinate due to an extremely oblique plane of section. The surface of the spines is continuous 
with the tectum and the central space is underlain with material from columellae. The tectum is mostly 
continuous. Both the tectum and columellae contain sites of low contrast that are generally elongate with a radial 
orientation, as are the much larger spaces in mature exines (see Fig. 1). In the aperture the endexine lamellations 
(circled) show surface striations. Bar = 1 pm. 
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Homer and Pearson (1978: e. g., Figs. 24, 25) found that columellar material became part of 
central cavity in the early formation of spines in microspores of Helianthus annuus. The 
spines were composed of four or more columellae as seen in thin sections (Homer and 
Pearson, 1978: Figs. 26, 27). 

Paxson-Sowders et al. (1997) found that sporopollenin in pollen in the wild type of 
Arabidopsis thaliana is accumulated in a regular pattern on the plasma membrane of 
microspores. But in a mutant the sporopollenin accumulates randomly so that the exine is 
more-or-less unrecognizable with respect to pollen of the species. Paxson-Sowders et al. 
(1997) suggest that sporopollenin formation takes place by self-assembly because they 
consider sporopollenin to accumulate on pollen of the mutants without a stencil. According to 
our interpretation, their “stencil” would be plasma membrane-glycocalyx units that initiate 
columellae and other parts of the exine (e.g., Rowley and Dahl, 1982; Rowley et al., 1999). In 
circumstances similar to that of A. thaliana, the morphology of mutant Haplopappus gracilis 
pollen (Compositae: Heliantheae) was also unrecognizable as typical Compositae (Jackson et 
al., 2000). The conclusion reached by Jackson et al. (2000) was that ektexine units were 
present on the pollen wall but were unorganized due to the presence of a mutant allele. In E. 
serotinum the youngest (least specifically organized) stage was unrecognizable as E. 
serotinum microspores or pollen. Our observations indicate abortion of microspores during 
very early development rather than a genetic problem with regard to the template or stencil 
regulating specific exine formation. 
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